[ 18 F]FPEB is a positron emission tomography tracer which, in preclinical studies, has shown high specificity and selectivity toward the metabotropic glutamate receptor 5 (mGluR5). It possesses the potential to be used in human studies to evaluate mGluR5 function in a range of neuropsychiatric disorders, such as anxiety and Fragile X syndrome. To define optimal scan methodology, healthy human subjects were scanned for 6 hours following either a bolus injection (n ¼ 5) or bolus-plus-constant-infusion (n ¼ 5) of [ 18 F]FPEB. Arterial blood samples were collected and parent fraction measured by high-performance liquid chromatography (HPLC) to determine the metabolite-corrected plasma input function. Time activity curves were extracted from 13 regions and fitted by various models to estimate V T and BP ND . [
INTRODUCTION
Glutamate is the major excitatory neurotransmitter in the brain, and glutamatergic neurons account for B90% of neurons in the human brain. 1 Glutamate receptors can be divided into two major types, ionotropic and metabotropic receptors. Metabotropic glutamate receptors can be further divided into three different groups and eight subtypes. The metabotropic glutamate receptor subtype 5 (mGluR5), a group I metabotropic glutamate receptor, is a G-protein-coupled receptor whose downstream action modulates a variety of pathways. 2 The mGluR5 has been implicated in a number of central nervous system disorders, including autism, Fragile X syndrome, Huntington's disease, addiction, anxiety, and depression. [3] [4] [5] [6] [7] [8] [9] Three promising positron emission tomography (PET) ligands for mGluR5 have recently been synthesized: 3-(6-methyl-pyridin-2-ylethynyl)-cyclohex-2-enone-O-[ 11 11 C]ABP688 displayed high uptake in regions, such as the anterior cingulate and caudate, known to be rich in mGluR5. 10, 11 The regional time activity curves (TACs) were well fitted by the two-tissue compartment (2TC) model and Logan graphical approach. 11 However, a [ 11 C]ABP688 test-retest study in humans showed a significant increase in binding parameters in the second scan, which is currently unexplained. 12 [ 18 F]SP203 also displayed regional uptake consistent with the known distribution of mGluR5. Its TACs were well fitted by the 2TC model, 13 and V T values calculated by the equilibrium method were correlated with those from the 2TC model. 14 However, [ 18 F]SP203 has been shown to defluorinate in humans. 13 [ 18 F]FPEB was the most successful among the three mGluR5 tracers characterized in rhesus monkeys by Hamill et al. 15 In preclinical studies, [ 18 F]FPEB displayed high specificity and affinity for mGluR5 as well as a regional uptake pattern consistent with the known distribution of mGluR5 in the brain. [16] [17] [18] Hence, [ 18 F]FPEB may have the potential to be used in humans to assess mGluR5 function in a variety of psychiatric and neurological disorders.
The goal of the present study was to determine the methodology and appropriate kinetic models for use of [ 18 F]FPEB in humans. We compared two different tracer administration paradigms, bolus and bolus-plus-constant infusion (B/I), to determine the optimum scanning protocol, and we evaluated multiple quantification methods to estimate [ 18 F]FPEB total volume of distribution (V T ) and binding potential (BP ND ).
MATERIALS AND METHODS Subjects
Nine healthy volunteers (5 M, 4 F) were recruited from the community through posted advertisements as approved by the Western Institutional Review Board (WIRB) and the Yale University Human Investigations Committee (HIC). All subjects underwent a complete physical examination before the study, including medical history, electrocardiogram, blood work, urinalysis, and urine toxicology screen. Subjects were screened via SCID (Structured Clinical Interview for DSM Disorders) for lifetime personal or family history of DSM IV axis I or axis II disorders. Only subjects without a history of neurological or psychiatric disorder were included in this study. Written informed consent was obtained from all subjects before the study after complete explanation of the study procedures. ]FPEB precursor) in 1.5 mL of anhydrous dimethyl sulfoxide was added to the reactor. The reaction vessel was sealed, stirred, and heated at 150 1C for 15 minutes then cooled to 50 1C. Water (6.75 mL) was added to the reaction vessel and the mixture was loaded onto a C-18 SepPak Light cartridge. The crude product trapped on the SepPak Light cartridge was eluted with EtOH (1 mL) into a receiving vial containing H 2 O (2.5 mL) and the mixture loaded onto a Luna C18(2) semipreparative high-performance liquid chromatography (HPLC) column (10 Â 250 mm 2 , 10 mm). The column was eluted with EtOH/H 2 O (38:62 v/v) at a flow rate of 5 mL/min. The product peak fraction, collected at 28-31 minutes, was diluted with H 2 O (15 mL) and loaded onto a second C18 SepPak Light cartridge, which was then washed with H 2 O (15 mL) and dried. The final product was eluted from the SepPak Light with EtOH (1 mL) followed by USP saline (3 mL) into a product vial containing USP saline (7 mL). The resulting solution was passed through a 0.22 mm Millipore Millex GV filter into a sterile dose vial. Radiochemical purity and specific activity of the final product was determined by HPLC analysis with a Luna C18(2) column (4.6 Â 250 mm 2 , 5 mm) eluting with CH 3 CN/aqueous 0.1% TFA (40:60, v/v) at a flow rate of 2 mL/min. The final product was 499% chemically pure and 498% radiochemically pure. Specific activity at end-of-synthesis was 207.2 ± 70.3 MBq/nmol (n ¼ 10). Radiochemical yield was 2.2% ± 0.9% (n ¼ 10), based on the amount of radioactivity remaining in the reaction vessel after drying and uncorrected for decay.
Positron Emission Tomography Imaging
Subjects (Table 1) were scanned for up to 6 hours on the High Resolution Research Tomograph (HRRT, Siemens/CTI, Knoxville, TN, USA) after either a bolus (n ¼ 5) or B/I (n ¼ 5) of [ 18 F]FPEB. Nine subjects were included in this study, but one subject was scanned under both tracer administration paradigms. This resulted in n ¼ 5 subjects for both bolus and B/I scan groups. Scans were separated by 2 months in the subject who was scanned twice. Each 360-minute scan was divided into three sessions (0-120 minutes, 150-240 minutes, and 270-360 minutes) with 30 minute breaks between sessions during which time the subject was taken off the scanner bed to void. During B/I scans, subjects continued to be infused during the breaks. Transmission scans were conducted immediately before each dynamic scan session for attenuation correction. F]FPEB activity during the infusion period of B/I experiments. Retention was detected by measuring residual radioactivity in these materials at the end of the study, following a saline flush to remove any tracer solution remaining in the syringes or tubing. We prevented retention of radioactivity by further diluting the tracer solution with sterile saline in large bore plastic syringes or by using glass syringes, and by using PTFE tubing for tracer delivery.
An optical tracking system (Vicra, NDI Systems, Waterloo, Canada) was used to measure and record subject head movement during each scan. A rigid tool with reflective spheres was attached to each subject's head via a swim cap, and subject motion was recorded at a rate of 20 Hz. Listmode dynamic scan data were collected and reconstructed (reconstructed image resolution B3 mm) with all corrections (randoms, scatter, dead time, attenuation, normalization, and motion) by the MOLAR algorithm. 20 In addition to the event-by-event motion correction performed during the reconstruction, software motion correction was also performed by registering each frame to an early summed image (0 to 10 minutes) using FLIRT (FSL 3.2, Analysis Group, FMRIB, Oxford, UK).
Before PET imaging, each subject received a structural MRI (magnetic resonance imaging) on a 3T whole-body Trio scanner (Siemens Medical Systems, Erlanger, Germany) using a 3D MPRAGE MR pulse sequence with TE ¼ 3.3 milliseconds and flip angle ¼ 7 degrees. Slice thickness was 1.0 mm and pixel size was 0.98 Â 0.98 mm 2 . For each subject, PET images were registered to the structural MRI for image analysis.
Input function
Input functions corresponding to the arterial blood concentration corrected for the presence of radioactive metabolites were generated for all scans. Arterial blood was counted for radioactivity by an automated system (PBS-101, Veenstra Instruments, Joure, The Netherlands) for the first 7 minutes of each study. Individual arterial and venous blood samples were also manually drawn at discrete time points and counted during each study. The plasma TAC for the first 7 minutes of each study was estimated from the whole blood TAC measured by the automated system. The ratio of the whole blood to plasma concentration was calculated for each sample collected from 3 to 30 minutes. The whole-blood-to-plasma ratio was fit to a linear function and extrapolated for 0-7 minutes. The early and late parts of the plasma curve were merged and the complete plasma curve was smoothed by fitting with a bounded sum of one to three exponentials.
An ultrafiltration-based method was used for measuring the unbound portion (free fraction, f p ) of [ 18 F]FPEB was spiked in a 6.0-mL arterial blood sample that was taken immediately before tracer injection. After 10 minutes incubation at room temperature, the spiked blood sample was centrifuged for 5 minutes at 2,930 g. Spiked plasma (0.3 mL) was loaded onto the reservoir of a Millipore Centrifree (Billerica, MA, USA) micropartition device in triplicate and centrifuged at 1,228 g for 20 minutes. The f p was determined by calculating the ratio of the radioactivity concentration of the unbound [ Analysis of radiotracer metabolism in the plasma was performed from arterial blood samples collected at 3, 8, 15, 30, 60, 90, 120, 180 , and 240 minutes after injection and also from venous blood samples drawn at 60, 90, 120, 180, and 240 minutes after injection. Plasma metabolite analysis was performed using the column switching HPLC method 21 to determine the parent fraction. In short, plasma samples were treated with urea (8 M) and citric acid (50 mM) and loaded onto the capture column (19 Â 4.6 mm 2 , self-packed with Phenomenex SPE C18 Strata-X sorbent), eluting with 1% acetonitrile in water at a flow rate of 2 mL/min. After 4 minutes, the trapped activity on the capture column was back-flushed onto an analytical column (Phenomenex Luna, Torrance, CA, USA, C18(2), 4.6 Â 250 mm 2 , 5 mm), eluting with 60% acetonitrile in 50 mM ammonium acetate, pH 6.8 at a flow rate of 1.25 mL/min. The HPLC eluent was fraction-collected with an automated collector (Model CF-1, Spectrum Chromatography, Houston, TX, USA) and the fraction counted with an automatic gamma well-counter (Wizard, 2 Perkin-Elmer, Waltham, MA, USA). The unmetabolized parent fraction was determined as the ratio of the sum of radioactivity in fractions containing the parent compound to the total amount of radioactivity collected, and fitted with a bounded sum of two exponentials. The final plasma input function was calculated as the product of the total plasma curve and the parent fraction curve.
Measurement of regional time activity curves
To compute regional TACs, a summed PET image (0-10 minutes) was registered to each subject's T1-weighted MR image using a six-parameter mutual information algorithm (FLIRT, FSL 3.2, Analysis Group, FMRIB, Oxford, UK), which was then registered to an MR template by a 12-parameter affine transformation. Regions of interest (ROIs) from the AAL (Anatomical Automatic Labeling for SPM2) template were defined on the MR template. Time activity curves were extracted from the caudate ( 
Infusion paradigm
To determine the tracer infusion schedule for B/I experiments, the K bol (the magnitude of the bolus component in minutes) 22 for [
18 F]FPEB in humans was estimated from TACs from bolus studies. The K bol that was selected for use in the B/I experiments was that for which both high and low specific binding regions (e.g., anterior cingulate and cerebellum gray matter) were predicted to reach equilibrium quickly. Individual K bol values were estimated from the five bolus subjects, the average of which was found to be 190 ± 12 minutes. Thus for B/I studies, the K bol value of 190 minutes was used.
Kinetic analysis
Regional TACs were fitted by three different models to estimate total volume of distribution (V T ) of [ 18 F]FPEB: 1TC and 2TC models and the multilinear analysis, MA1. 23 Binding potential (BP ND ) was calculated from 2TC V T values and estimated by reference tissue models (SRTM and SRTM2) 24, 25 and multilinear graphical analysis (MRTM and MRTM2) 26 using the cerebellum white matter as a reference region (see Discussion). Parametric images of V T and BP ND were generated with MA1 and MRTM2.
For all model fitting, parameters were estimated using weighted least squares, with weights based on noise-equivalent counts from each frame. Nonlinear parameter estimation was performed using a MarquardtLevenberg algorithm. 27 The t* value for multilinear graphical analyses (MA1, MRTM, and MRTM2) was selected based on visual inspection of MA1 fits. For reference tissue methods, TACs from the cerebellum white matter were presmoothed by fitting to a sum of exponentials. In SRTM2 and MRTM2 analyses, k 2 ' was fixed to the median k 2 ' value estimated from all voxels during a first-pass of each analysis.
In addition to dynamic modeling analysis, in B/I studies, V T and BP ND were estimated by equilibrium analysis (EQ) 28,29 using 90-120 minutes of data postinjection. We considered [ 18 F]FPEB to be in equilibrium in the tissue and plasma when average V T change across all regions and plasma was less than or equal to±10% per hour. Percent change in V T per hour (%DV T /hour| 90-120 ) was calculated as the slope of a line fit to these data (90-120 minutes postinjection), divided by the mean V T value (multiplied by 60 to convert from minutes to hours). V T was calculated as the ratio of tissue concentration to metabolite-corrected arterial plasma concentration at equilibrium. BP ND was estimated as the target tissue concentration minus the reference relative to the reference tissue concentration. EQ was also used to generate parametric images of V T and BP ND .
Effect of scan duration
Dynamic scan data of decreasing duration were analyzed to determine the effect of scan duration on V T . V T was estimated by 2TC for each scan while fit duration was decreased from 360 to 30 minutes in steps of 30 minutes. 18 F]FPEB represented 29% ± 3% (n ¼ 5) of total B/I arterial plasma radioactivity at 30 minutes, 25%±3% at 90 minutes (n ¼ 5), 20%±3% at 240 minutes (n ¼ 5), and 17%±2% at 360 minutes (n ¼ 4). [ 18 F]FPEB represented 23% ± 3% (n ¼ 4) and 19% ± 2% (n ¼ 5) of total B/I venous plasma activity at 90 and 240 minutes, respectively.
RESULTS

Input
In B/I studies, mean (90-240 minutes) metabolite-corrected arterial plasma concentration was 12%±6% (n ¼ 5) higher (P ¼ 0.09, two-tailed unpaired t-test) than metabolite-corrected venous plasma concentration. Total arterial plasma concentration was 7%±5% (n ¼ 5) higher (P ¼ 0.20, two-tailed unpaired t-test) than total venous plasma concentration. Mean (90-240 minutes) arterial parent fraction was 7% ± 3% (n ¼ 5) higher (P ¼ 0.39, twotailed unpaired t-test) than venous parent fraction.
One subject from each tracer administration paradigm, bolus and B/I, was unable to complete the full 360-minute scan; a subject from the bolus group was only able to complete 120 minutes of scanning, and a separate subject from the B/I group was only able to complete 250 minutes of scanning. Additionally, metabolite analyses were unavailable for venous plasma from one bolus subject, venous plasma at the 90-minute time point for one B/I subject, and arterial plasma at the 360-minute time point for one bolus subject. As such, parent fractions are reported above for the number of subjects and time points at which they are available.
Time activity curves Figure 1 shows TACs with model fits from selected regions. The highest concentrations of [
18 F]FPEB were in the putamen and anterior cingulate, and the lowest concentrations were in the thalamus, cerebellum gray matter, and cerebellum white matter. Breaks between scanning sessions are visible as breaks in TACs. Good continuity appears in the curves despite these breaks.
Total distribution volume (V T ) estimation
The highest V T values were observed in the anterior cingulate, putamen, temporal cortex, and caudate. V T values were lowest in the thalamus, posterior cingulate, pallidum, and cerebellum ( Table 2 ). The 2TC model provided better fits than the 1TC model to both bolus and B/I data ( Figure 1A) . The residual sum of squares and Akaike information criterion were lower for 2TC fits than 1TC fits in all subjects and regions. F-tests indicated that 2TC provided significantly (Po0.05) better fits than the 1TC in all subjects and regions. Despite being the poorer model for [ 18 F]FPEB data, V T estimates from 1TC agreed extremely well with those from 2TC in all regions in both bolus and B/I studies: results are reported from subjects who were able to complete the full 360 minutes of scanning). MA1 (t* ¼ 30) provided good fits to both bolus and B/I data ( Figure 1A) , and V T values estimated by MA1 were in virtually perfect agreement with estimates from 2TC:
Parametric images of V T estimated by MA1 from a bolus study are shown in Figure 2C .
Mean V T values estimated by 2TC from B/I studies (n ¼ 4) were lower than those from bolus studies (n ¼ 4) in all regions except the cerebellum gray matter, cerebellum white matter, hippocampus, and thalamus ( Figure 3A ; Table 2 ). Intersubject variability in V T estimated by 2TC was lower for B/I studies than bolus studies in all regions (11%±3% versus 20%±3% mean intersubject COV across all regions). 
14.9 ± 3.6 (24%)
12.8 ± 0.9 (7%)
13.3 ± 1.1 (8%) Value are presented as mean±s.d. COV is shown in parentheses. n ¼ 4 for both bolus and B/I studies (one subject from each administration paradigm was unable to complete the full 360-minute scan).
Kinetic analysis of [ 18 ]FPEB in humans
JM Sullivan et al (0.31 ± 0.01, n ¼ 4), and pallidum (0.35 ± 0.02, n ¼ 4). In all regions (n ¼ 52), K 1 was 36% ± 11% lower when estimated by 1TC than when estimated by 2TC.
Binding potential (BP ND ) estimation Mean BP ND values estimated by 2TC using the cerebellum white matter as reference ranged from a high of 4.8±0.5 in the anterior cingulate to a low of 0.8 ± 0.2 in the cerebellum gray matter (Table 2 ). MRTM and MRTM2 (t* ¼ 30) provided visually better fits to bolus data than SRTM or SRTM2 ( Figure 1B) . In bolus studies, SRTM and SRTM2 underestimated BP ND by 3.4% ± 1.2% and 4.2% ± 1.7%, respectively, as compared with 2TC:
BP ND values estimated by SRTM were significantly (Po0.05, two-tailed paired t-test) lower than those estimated by 2TC in all regions except the cerebellum gray matter. BP ND values estimated by SRTM2 were significantly (Po0.05, twotailed paired t-test) lower than those estimated by 2TC in all regions. BP ND estimated by MRTM and MRTM2 provided better agreement with BP ND estimated by 2TC:
BP ND values estimated by MRTM were not significantly different than those estimated by 2TC in any region except the caudate and putamen. In the caudate and putamen, BP ND values estimated by MRTM were significantly (Po0.05, twotailed paired t-test) lower than those estimated by 2TC. BP ND values estimated by MRTM2 were not significantly different than those estimated by 2TC in any region. Bolus study BP ND parametric images from MRTM2 are shown in Figure 2E .
Since the statistical quality of the MRTM/MRTM2 images was good, parametric images with SRTM/SRTM2 were not produced given their poorer fits ( Figure 1B) and slightly larger bias. SRTM and SRTM2 were not applied to B/I data for these same reasons. Like with bolus data, BP ND estimated by MRTM and MRTM2 for B/I data was in excellent agreement with that estimated by 2TC:
BP ND values estimated by MRTM in B/I studies were significantly (Po0.05, two-tailed paired t-test) lower than those estimated by 2TC in the frontal, occipital, parietal, and temporal cortices, and in the thalamus. BP ND values estimated by MRTM2 in B/I studies were significantly (Po0.05, two-tailed paired t-test) lower than those estimated by 2TC in the caudate, posterior cingulate, frontal, occipital, parietal, and temporal cortices, and in the thalamus.
Mean BP ND values (estimated by 2TC) were lower in B/I studies (n ¼ 4) than bolus studies (n ¼ 4) for all regions except the cerebellum gray matter and thalamus ( Figure 3B ; Table 2 ). Mean intersubject variability of BP ND (estimated by 2TC) across all regions was 14% ± 6% for B/I studies and 15% ± 8% for bolus studies. There were no apparent differences in intersubject variation in BP ND between analysis methods for a given injection approach.
Equilibrium method Tissue TACs and arterial plasma curves appeared to flatten beginning at 90 minutes postinjection. Representative B/I TACs are shown in Figure 4 . Average %DV T /hour| 90-120 was þ 2%±8% (n ¼ 65) for all regions and subjects from B/I studies. The cerebellum white matter and the hippocampus showed the largest %DV T /hour| 90-120 , À 10% ± 10% and þ 10% ± 5% (n ¼ 5), respectively. %DV T /hour| 90-120 was most variable across subjects in the cerebellum white matter, posterior cingulate ( þ 6% ± 10%), and pallidum ( À 2% ± 11%).
EQ, applied to 90-120 minutes of data, overestimated V T by 9%±8% compared with 2TC: Figure 3A ). Significant V T overestimation was seen in the cerebellum gray matter, cerebellum white matter, posterior cingulate, occipital cortex, pallidum, and thalamus ( Figure 3A) . Conversely, EQ underestimated BP ND by 5%±9% compared with 2TC (BP ND EQ ¼ 0.85 Â BP ND 2TC þ 0.25, R 2 ¼ 0.9299, n ¼ 48). Significant BP ND underestimation was seen in only in the hippocampus ( Figure 3B ). Intersubject variability in V T and BP ND was similar for EQ and 2TC (Table 2) . Parametric images of V T estimated by EQ (90-120 minutes) are shown in Figure 2D .
Scan duration
In both bolus and B/I studies, scan duration could be decreased to 90 minutes without V T bias or increased variability ( Figure 5 ). V T variability increased with scan durations below 90 minutes, and V T values became negatively biased. The 2TC model provided better fits in all regions than the 1TC model. MA1 (t* ¼ 30) fitted the data well and estimated V T values nearly identical to those estimated by 2TC. MA1 (t* ¼ 30) also produced high-quality parametric images from bolus and B/I scan data (Figure 2 ). MRTM and MRTM2 (t* ¼ 30) both provided equally reliable estimates of BP ND . MRTM2 produced the least noisy parametric BP ND images, as assessed by visual inspection. SRTM and SRTM2 did not adequately fit the data and slightly underestimated BP ND compared with 2TC. It has been shown that violation of SRTM model assumptions, such as the assumption that ROIs and the reference region can be described by 1TC models, can produce biased parameter estimates and poor fits. 25, 30 Violation of either of these assumptions, or both of them by [ 18 F]FPEB may explain the poor fits by SRTM and SRTM2. MRTM does not assume a specific compartmental model configuration and thus is less affected by violation of these assumptions. 26 We calculated BP ND using cerebellum white matter as the reference region. We selected this region to test BP ND estimation methods because it showed the least specific binding by autoradiography 17 and had the lowest V T (with reasonable intersubject variability). The cerebellum has been suggested as a reference region in preclinical studies with [ 11 C]ABP688. Blocking studies conducted in rats with [ 11 C]ABP688 found no displaceable binding in the cerebellum. 31 In the baboon, the cerebellum gray matter has been proposed as the reference region of choice, despite blocking studies which showed 20% specific binding of [ 11 C]ABP688 in this region. 32 Given the known presence of mGluR5 in the cerebellum of humans, 17 it may not be an appropriate reference region. In addition, white matter regions may not have the same level of nondisplaceable binding (V ND ) as gray matter regions, thus use of cerebellar white matter may produce a biased estimate of BP ND , even in the absence of specific binding. [ 18 F]FPEB wash-in and wash-out the in cerebellum white matter appears to be similar to that of the cerebellum gray matter and other low-binding gray matter regions (Figure 1 ). This suggests no delay in delivery of or slower clearance of [ 18 F]FPEB from the white matter, as has been reported with other tracers. [33] [34] [35] Ultimately, to confirm the absence (or presence) of a reference 120-360 minutes) .
DISCUSSION
We investigated the B/I tracer administration paradigm because of its advantages over bolus injection. 36 B/I administration of tracer resulted in less intersubject variability in V T estimated by 2TC (11% ± 3% versus 20% ± 3% in bolus studies), and a slight decrease in variability of BP ND estimation (14%±6% versus 15%±8% in bolus studies) than bolus studies. Since B/I of tracer appears to provide no improvement in BP ND intersubject variability, a bolus tracer administration paradigm may be sufficient if model-based estimates of BP ND are to be used as the outcome measure (assuming that the cerebellum white matter is validated as an appropriate reference region). We doubt that the improvement in intersubject variability of V T with B/I of tracer is a reflection of variance in specific binding, as if it were, we would expect to see the same improvement in variability with B/I of tracer in both V T estimates and BP ND estimates. It is more probable that the difference in variance of V T reflects differences in variability of tracer uptake and washout between bolus and B/I groups. 36 Intersubject variability of K 1 /k 2 was much in larger the bolus group than the B/I group (48% ± 12% versus 20% ± 12%). Another possibility is that the higher variability of V T in bolus studies may be due to noise in the arterial input function (which is improved by B/I of tracer).
V T values calculated by EQ were positively biased compared with 2TC, but intersubject variability in these measures was no worse than for 2TC. In low-binding regions (cerebellum, posterior cingulate, pallidum, and thalamus), V T values calculated by EQ were significantly greater than those estimated by 2TC ( Figure 3A) . This difference may be caused, in part, by the greater DV T /hour| 90-120 in these regions.
To successfully administer [ 18 F]FPEB as a B/I, we had to overcome problems with retention of the tracer by conventional IV tubing and syringes. In early infusion studies using conventional 10 mL plastic syringes and IV tubing for tracer injection, we found that up to 75% of the tracer activity was retained by the tubing and the syringe over 3.5 hours (data not shown). We believe that the increased residence time of To examine whether or not venous blood could be used in lieu of arterial blood to estimate V T at from EQ of B/I studies, we measured [
18 F]FPEB concentration and metabolites in both arterial and venous blood. Although we expected these values to be similar at equilibrium, both total plasma concentration and parent fraction were 7% lower in venous blood than arterial blood. This resulted in higher values when V T was calculated by EQ (90-120 minutes) using metabolite-corrected venous plasma rather than metabolite-corrected arterial plasma data. Intersubject variability was also greater for V T calculated by EQ (90-120 minutes) from venous plasma data (mean COV of 15% ± 3% versus 12%±4% for that calculated from arterial plasma). Given that total plasma concentrations and parent fractions were consistently lower in venous blood than arterial blood, this discrepancy may be due to procedural differences in analyzing arterial and venous samples, although to date, none have been identified. As the metabolite-corrected arterial-venous plasma difference has so far appeared to be consistent, it may be possible to use venous plasma in lieu of arterial plasma to estimate V T in healthy controls. However, since this difference is not well understood, the decision to use venous plasma to estimate V T at equilibrium should be considered carefully. 18 F]FPEB reduces intersubject variability and allows equilibrium analysis to be completed with a 30-minute static scan, acquired 90-120 minutes after start of injection; however, consideration must be given to the materials of the injection syringes and IV tubing to prevent tracer retention. [ 18 F]FPEB BP ND can be reliably estimated by MRTM, MRTM2, or the equilibrium approach, but until a reference region is fully validated, V T should be estimated using an arterial input function.
CONCLUSIONS
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